Black women with breast cancer are known to have poorer survival than white women. Suboptimal treatment may compromise the survival benefits of adjuvant chemotherapy. We analyzed the association of race and survival with duration of treatment and number of treatment cycles among women receiving chemotherapy for early-stage breast cancer.
INTRODUCTION
Despite lower breast cancer incidence, women of African ancestry (black women) have significantly worse survival from breast cancer than women of European ancestry (white women). Some of the disparity in survival is attributable to differences in stage distribution at diagnosis, but it persists even when the stage at diagnosis is equivalent. 1, 2 Black women's breast cancers are also more likely than white women's to have unfavorable biologic parameters such as negative estrogen receptor (ER) status, high nuclear grade, and high S-phase fraction.
2,3 However, several studies indicate that significant differences in survival remain even after controlling for these biologic factors. For example, in five consecutive adjuvant breast cancer trials coordinated by the Southwest Oncology Group, 4 adjusted for age, receptor status, number of positive lymph nodes, and tumor size, black patients fared worse than other patients with respect to disease-free, overall, and cause-specific survival. 4 Similarly, in a cohort of 205,736 breast cancer patients, entered into the Surveillance, Epidemiology, and End Results (SEER) database between 1990 and 2000, controlling for age, stage, histology, hormone receptor status, and metropolitan/statewide residence area, black women had significantly worse survival than white women. 5 However, in two cooperative-group analyses, black and white women had similar survival. 6, 7 What else may contribute to the racial disparity in breast cancer survival? One possibility is that racial differences exist in treatment. Studies in other malignancies have found differences by race in subspecialty referrals, [8] [9] [10] access to lung cancer surgery, 11 prostate cancer surgery, 12,13 the use [14] [15] [16] and aggressiveness of adjuvant colon and rectal cancer chemotherapy 17 and radiation therapy, 18, 19 and the use of chemotherapy for metastatic lung cancer. 20 Major advances in the treatment of breast cancer have improved survival, and thus similar variations in the receipt of treatment could lead to survival differences.
Recently, large clinical trials have established that dose reductions, delays, or interruptions of chemotherapy for breast cancer can reduce its benefit. [21] [22] [23] Nonetheless, these types of undertreatment are common. In a nationwide retrospective study of dose-intensity among 20,799 patients in community oncology practices, Lyman et al 24 found that 36.5% of patients received less than 85% of their planned cumulative dose; 24.9% experienced treatment delays longer than 7 days; and an aggregate of 55% failed to receive the threshold 85% relative dose-intensity (RDI). Black race is associated with delays in initial breast cancer diagnosis and subsequent treatment. 25 Furthermore, studies by our group and others suggest that chemotherapy use and intensity may differ between the races and, in turn, contribute to differences in outcome. [26] [27] [28] However, these prior community and hospital-based studies did not evaluate the impact of either failure to receive all treatment cycles or delays in completing treatment on survival.
To our knowledge, ours is the first study to analyze the effects of incomplete treatment and treatment delays on all-cause mortality and to compare patterns of treatment between black and white women receiving adjuvant chemotherapy for early-stage breast cancer.
PATIENTS AND METHODS

Data Source
The Henry Ford Health System (HFHS) is a large, vertically integrated healthcare system serving the primary and specialty health care needs of patients in Detroit, Michigan, and its surrounding counties. The mixed-model health maintenance organization population includes a substantial number of both Medicare (N ϭ 47,000) and Medicaid (N ϭ 6,800) enrollees, as well as patients covered by other payment and reimbursement paradigms. Annually, the HFHS provides more than 2.5 million patient contacts, 20,000 ambulatory surgeries, and 40,000 hospital admissions. Approximately 200 HFHS patients are diagnosed with stage I or II breast cancer each year; more than 30% of these women are black.
Among female patients who were entered in the HFHS tumor registry with a diagnosis of stage I or II breast cancer from January 1, 1996, through December 31, 2001, we used administrative billing records to identify those who received chemotherapy, the type of chemotherapy they received, the number of cycles, and the duration of treatment relative to the date of pathologic diagnosis. Basic demographic information and tumor characteristics were obtained from the tumor registry, and comorbidity data were obtained from administrative databases. Before analysis, all patient identifiers were removed, and date information was transformed into numbers representing the number of days past the date of diagnosis.
We excluded from the analysis patients treated for recurrent disease only and patients for whom no chemotherapy could be identified, patients who received neoadjuvant chemotherapy, patients with an incomplete chemotherapy record, and patients whose treatment was not one of those described in the National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology.
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The study was approved by the institutional review board at the Henry Ford Health Center. Because only de-identified data were analyzed, no informed consent was required. The principal investigator had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. The funding organizations had no role in the design and conduct of the study; collection, management, analysis, or interpretation of the data; or preparation, review, or approval of the manuscript.
Comorbid Disease
To assess the prevalence of comorbid disease in our cohort, we used the Deyo adaptation of the Charlson comorbidity index. All relevant International Classification of Diseases (ninth revision) diagnosis codes within the hospital discharge database and the physician-encounter outpatient administrative database were searched to identify individuals with a history of myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, connective tissue disease, peptic ulcer disease, mild to severe liver disease, diabetes with or without end-organ damage, hemiplegia, moderate or severe renal disease, or AIDS from 365 days before to 120 days after their diagnosis of cancer. Each category was weighted based on the Charlson index.
30
Treatment Duration
For each combination of chemotherapeutic agents, an expected duration of treatment was calculated on the basis of the number of cycles and the cycle length. The expected number of chemotherapy cycles for each chemotherapy regimen was based on the National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology. 29 Treatment duration was calculated as the number of days from first to last chemotherapy treatment that was administered in patients who received the expected number of cycles. To define incomplete treatment we calculated an observed/ expected completed chemotherapy cycles ratio for each patient (Appendix 1). Many of the clinical trials discussed used an RDI of 85%. We therefore used 85% of cycles as our standard for completeness of treatment. We also used a cut point of 75% to evaluate the possibility of dose response.
Among patients who received complete treatment, we analyzed treatment delay as treatment that took Ն 7 days longer than expected. In the group that experienced delay, we analyzed the effects of 1 week's delay, 2 weeks' delay, and longer delay.
Outcome Assessment
All-cause mortality data were obtained from the HFHS tumor registry and the electronic medical record. Cancer-registry guidelines call for complete follow-up of all patients annually. Every month, the registry determined which patients had follow-up visits at the institution and which patients had in-hospital deaths. For patients who did not have follow-up visits when expected, registrars tried to contact physicians and families. If those efforts failed, death-certificate listings were checked.
Statistical Analysis
All statistical analyses were carried out by using SAS 9.0 (SAS Institute, Cary, NC). Pearson's 2 test was used to compare black and white women and those with complete and incomplete chemotherapy by age, American Joint Committee on Cancer stage, 31 hormone receptor status (a tumor stain Ն 10% was classified as ER or progesterone receptor [PR] positive), tumor histologic grade, comorbidities, and use of doxorubicin. We did not control for the regimens because of the large number used. However, we included a variable for the presence or absence of doxorubicin because of the toxicity associated with its use. The Student's t test was used to compare the means of percentage differences in observed/expected treatment duration ratios.
Cox proportional hazards models were used to determine allcause death-rate ratios while controlling for potential confounding variables. The Kaplan-Meier method was used to plot survival curves for patients with complete and incomplete chemotherapy.
RESULTS
Of the 1,130 women listed in the tumor registry as diagnosed with American Joint Committee on Cancer stage I 31 or II breast cancer between 1996 and 2001, 560 were treated with chemotherapy. Excluded from the analysis were 88 patients (65 white and 23 black): 42 who had been treated only for metastatic or recurrent disease and 46 who had received nonstandard chemotherapy regimens.
Of the 472 patients included in the analysis, 202 (43%) were black, 348 (74%) had stage II disease, and 130 (28%) received less than the optimal number of chemotherapy cycles. Of the patients who received the optimal number of chemotherapy cycles, only 41% received them without treatment delay (30% of the total sample). Age Ն 50 years, black race, stage II (versus I), and comorbidity score Ն 1 were associated with an increased likelihood of any early treatment termination. (The most common comorbid conditions were arthritis, diabetes, and chronic obstructive pulmonary disease. Diabetes was associated with incomplete treatment and with race.) All subjects had insurance: 25% were covered by a health maintenance organization or preferred provider organization, 74% were covered by the Henry Ford Health Plan, and 1% were covered by Medicaid alone. Insurance coverage was not associated with race/ethnicity, early termination of treatment, or survival. Patients who received doxorubicin were more likely than other patients to complete treatment (Table 1) .
Black race was associated with stage II (rather than stage I) disease, hormone receptor-negative cancer, higher tumor grade, and incomplete treatment (Table 2 ). Only 68% of black patients, compared to 76% of white patients, completed all prescribed cycles of adjuvant chemotherapy (P ϭ .03). However, among women who completed the expected number of chemotherapy cycles, race was not associated with treatment delays.
Among the 472 women diagnosed from 1996 to 2001, 57 deaths occurred by January 1, 2004, giving an unadjusted 5-year overall survival rate for the entire population of 88%. Kaplan-Meier survival curves were used to obtain unadjusted estimates of 5-year overall survival for patients who received at least 75% of the expected chemotherapy treatments compared to the rest of the patients (Fig 1) . Of the 344 patients who completed 100% of the number of cycles, 89% were alive 5 years after diagnosis; of the 120 who did not complete treatment, only 74% survived for 5 years (P ϭ .03). Of 270 white patients, 93% were alive 5 years after diagnosis, and of 202 black patients, 81% were alive 5 years after diagnosis.
In a Cox proportional-hazards model that included age, stage, ER/PR status, grade, and comorbidity score, all-cause mortality was associated with older age, black race, higher comorbidity score, ER/PR-negative status, and any incomplete treatment. The hazard ratio for all-cause mortality increased from 1.8 to 3.1 as the observed percentage of chemotherapy cycles diminished from 85% to 75% of expected. In this model, the all-cause mortality rate was twice as high among black women than among white women (Table 3 ).
In a model that did not include treatment, the all-cause mortality rate ratio for black versus white women was higher than that shown in Table 3 . The difference between the two hazard ratios suggests that some of the effect of race on survival was a result of treatment. Removing ER/PR status, stage, and grade from the model also increased the hazard ratio for race (data not shown). However, even in a model that included all the above mentioned clinical factors, tumor-related factors, and treatment-related factors, black women with breast cancer had a higher all-cause mortality rate (Table 3) .
A Cox proportional hazards model was also used to estimate the hazard ratios for all-cause mortality among 344 subjects who completed the expected number of chemotherapy cycles. Advanced age (Ն 50), black race, and a comorbidity score of Ն 1 were positively associated with all-cause mortality. Treatment delays were not associated with all-cause mortality, but few deaths occurred in this subset of subjects, so the statistical power is limited (Table 4) .
Racial Disparities in Breast Cancer Patients
www.jco.org
DISCUSSION
In this cohort of patients with breast cancer, we found that discontinuation of treatment and treatment delays were common, that women who discontinued treatment before completion had poorer survival than those who completed the prescribed treatment, that black women were more likely than white women to terminate treatment prematurely, and that they were twice as likely to die as white women. To our knowledge, this study is the first to find an association between early termination of chemotherapy and racial disparities in breast cancer outcomes.
Suboptimal chemotherapy is a known predictor of suboptimal survival.
32 Dose-intensity (the amount of chemotherapy delivered in a specific time interval) can be diluted by either decreasing the total dose or extending the time interval. Lowering the dose-intensity of adjuvant therapy for breast cancer alters the effectiveness of the treatment.
33-37 RDI has been linked to disease-free survival among both premenopausal and postmenopausal women and among women with both less than and more than three involved lymph nodes. 31 Randomized trials have shown that increasing the dose density of chemotherapy improves both disease-free and overall survival.
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Many patients do not receive the full RDI of chemotherapy for breast cancer. A nationwide retrospective study of dose-intensity among 20,799 patients in community oncology practices reported results similar to our findings. Lyman et al 24 found that both dose reductions and treatment delays were common: 36.5% of patients received less than 85% of planned cumulative dose, 24.9% experienced treatment delays longer than 7 days, and 45% received at least the threshold 85% RDI. In our study, only 30% of patients received complete treatment without any delay.
Two analyses by cooperative groups suggest that black and white patients enrolled onto cooperative group trials do not differ in breast cancer mortality. However, patients enrolled onto clinical trials are more likely to get complete treatment without delays than other patients; these findings may therefore reflect a treatment effect. 6, 7 Like others, 3, 38 we found that black race was associated with advanced stage, negative hormone receptor status, and higher-grade tumors (Table 2) . Black women were also at higher risk than white women for both delayed initial therapy and less dose-dense therapy in an analysis that controlled for access to care, poverty index, and method of detection. 25 The relationship between race and dose-intensity in the treatment of breast cancer was assessed in a retrospective chart review. 26 Black subjects received less chemotherapy than white subjects (P ϭ .03), and overweight seemed to modify the association of treatment with race. In a multivariable model, compared to normal-or low-weight white patients, normal-or low-weight black patients were nearly four times as likely but overweight black patients were nearly 20 times as likely to receive lower-dose treatment. Our study found similar associations of race with treatment, but it also was the first to find that undertreatment contributed to the association of race with survival.
Racial differences in baseline WBC may contribute to black patients' risk of receiving suboptimal treatment. Low baseline WBC is one of the strongest predictors of an RDI of less than 85%, and WBC may be 25% to 40% lower on average among blacks than among whites. 39 In our pilot study, black women had lower WBC than white women, both at baseline and after treatment, and took longer than white women to complete treatment for each of the common adjuvant Abbreviations: ER, estrogen receptor; PR, progesterone receptor. chemotherapy regimens, although the differences were not statistically significant.
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In our study and others, 24 delays in treatment were common; however, we saw no association between race and dose delay or between dose delay and all-cause mortality. Only 17% of the patients in our sample had delays longer than 2 weeks. Cumulative dose delays longer than 30 days have been found to increase the risk of relapse. In our sample, the delays may not have been long enough to affect survival, our study may have been underpowered to detect their effects, or, under conditions that have resulted in delay in other studies, the patients in our sample may have been more likely to discontinue treatment entirely than to delay completing it.
Our study was observational, using cancer registry and billing data to assess the effects of treatment on breast cancer outcomes among unselected patients from an ethnically mixed urban community. From a public health perspective, our findings are similar to those of other studies using different methods, suggesting that improving the quality of care overall may improve breast cancer outcomes. Using a mathematical model of the natural history of breast cancer, Mandelblatt et al 40 demonstrated that ensuring that black women receive complete adjuvant therapy could reduce overall mortality and would be more cost effective than enhancing screening programs to improve the survival of black women. Our findings, based on the actual experience of the patients in the cancer registry, support this conclusion.
One limitation of our study was a lack of information about chemotherapy dosing. Data on dose reductions might have helped to explain why the observed outcomes of patients who received the expected number of cycles in the expected amount of time were not measurably different from those of patients whose completion of treatment was delayed but not why their outcomes were so different from those of patients who terminated treatment early.
Another limitation was a lack of data on other relevant factors such as performance status, socioeconomic status, and obesity. Those factors may be related to completeness of treatment and to survival. A third limitation was a maximum follow-up of 8 years. Although we could not evaluate factors that may affect survival in the longer term, a longer follow-up might have introduced unknown confounders such as changes in treatment for late recurrences or the development of comorbid conditions related to aging. We did find an association of diabetes with incomplete treatment (44% of diabetic patients but only 26% of nondiabetic patients received incomplete treatment) and with race (60% of the diabetic patients were black). A fourth limitation was completeness of follow-up. Our study included only patients who received at least two cycles of chemotherapy at Henry Ford Health Center. It is possible that some patients who we classified as discontinuing treatment subsequently received care elsewhere. However, poor women are less likely than more affluent women to have done so because the HFHS accepts Medicaid, Medicare, and its own prepaid health plan.
Of the 472 women with breast cancer, only 57 died during the follow-up period. Few of these deaths were designated as breast cancer specific. In a larger sample, with breast cancer-specific mortality as the outcome of interest, our findings might have been different. However, the observed association of all-cause mortality with treatment was statistically significant.
In our data, receiving the expected number of chemotherapy cycles in the expected time interval seemed to achieve its purpose of prolonging life. The association we observed between early treatment discontinuation and race may help to account for the disparity in survival between black women and white women with breast cancer. Our analysis does not, however, explain why some white women and even more black women received suboptimal chemotherapy. The determinants of suboptimal treatment may include inadequate physician-patient communication, treatment toxicity, racial differences in drug metabolism, social-support networks, comorbidities, and other factors. A better understanding of these associations may lead to interventions that can improve breast cancer outcomes and reduce racial disparities in breast cancer survival.
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